This study investigated the relationship between subjective oral dryness and stimulated saliva or oral mucosal moisture. Both stimulated saliva and oral mucosal moisture are related to subjective oral dryness, and the Saxon test and the test using an oral moisture checking device are useful for assessing subjective oral dryness.
Introduction

Xerostomia
1 causes a decrease in the amount of salivary secretion, which can lead to other symptoms of the oral cavity and pharynx. [2] [3] [4] [5] [6] [7] [8] Many elderly dental patients have subjective oral dryness; hence, it is necessary to evaluate this problem in a clinical setting. To evaluate oral dryness, an easy method is required that can be performed independent of oral function and overall condition. 9, 10 One of the methods to evaluate stimulated saliva is the chewing gum test. However, it is difficult to perform this test in elderly dental patients wearing dentures. The Saxon test, 11 which is performed by chewing gauze for 2 minutes, easily measures the amount of stimulated saliva. An oral moisture checking device (Mucus ® , Life Co., Saitama, Japan) 12 measures the oral mucosal moisture within 2 seconds. The Saxon test and the test using the oral moisture checking device can be performed independent of oral function or overall condition. Thus, these tests can facilitate prosthodontic treatment such as denture treatment of patients based on evaluation of their oral dryness.
Some studies have investigated the relationship between subjective oral dryness and unstimulated whole saliva. A few of these studies reported that a relationship exist between subjective oral dryness and unstimulated whole saliva. [13] [14] [15] Another study indicated a weak association between subjective oral dryness and unstimulated whole saliva. 16 However, the relationship between subjective oral dryness and stimulated saliva or oral mucosal moisture remains unclear.
The present study aimed to investigate the relationship between subjective oral dryness and stimulated saliva or oral mucosal moisture. Additionally, the relationship between stimulated saliva and oral mucosal moisture was examined.
Materials and methods
The study subjects were patients who visited the Nippon Dental University Niigata Hospital. Twenty-one patients with subjective oral dryness (OD: 1 male, 20 females, mean age: 69.3 ± 10.5 years) and 21 healthy adults (HA: 1 male, 20 females, mean age: 63.6 ± 14.8 years) were enrolled in this study. The Saxon test was performed by chewing a gauze sponge (Kerlix ® , Kendall Co., Boston, MA) for 2 minutes, and the saliva absorbed in the gauze was collected. 17 Oral mucosal moisture was measured at the lingual mucosa (LM, the surface of the tongue at 10 mm from the apex linguae) and buccal mucosa (BM, 10 mm from the angle of the mouth) using the oral moisture checking device (Mucus ® , Life Co.). For the measurement of LM moisture, the subjects were asked to stick out their tongue, while for the measurement of BM moisture, the outside of the cheek was supported by the operator's finger. 12 The measurement was repeated 3 times, and the mean value was calculated.
These examinations were performed at a particular time, that is, more than 2 hours after a meal. The study period was December, 2004 to September, 2005.
Group differences in the amount of stimulated saliva and oral mucosal moisture were compared using the Mann-Whitney U test when the data did not show normal distribution and Student's t test when the data showed normal distribution. The relationship between stimulated saliva and oral mucosal moisture was analyzed by Spearman's rank correlation coefficient because the data did not show normal distribution.
Results
The amount of stimulated saliva of each subject in the Saxon test is shown in Fig. 1 . The average amount of salivary secretion in the OD and HA groups was 0.65 ± 0.55 and 2.34 ± 1.41 g/2 min, respectively; the difference between both the groups was significant (p < 0.01).
The oral mucosal moisture of each subject at the LM is shown in Fig. 2 . The average oral mucosal moisture at the LM in the OD and HA groups was 27.2% ± 2.9% and 32.3% ± 1.7%, respectively; this difference was significant (p < 0.01).
The oral mucosal moisture of each subject at the BM is shown in Fig. 3 . The average oral mucosal moisture at the BM in OD and HA was 32.6% ± 2.1% and 34.0% ± 2.2%, respectively; this difference was also significant (p < 0.05).
The correlation coefficient between stimulated saliva and the oral mucosal moisture at the LM was statistically significant (r = 0.511, p < 0.01) (Fig. 4) . However, no statistical significance was observed for the correlation coefficient between stimulated saliva and oral mucosal moisture at the BM (r = 0.136, p = 0.38) (Fig. 5) . The correlation coefficient between the oral mucosal moisture at the LM and BM was statistically significant (r = 0.595, p < 0.01) (Fig. 6 ).
Discussion
Saxon test is one of the methods to evaluate the salivary secretory function and can be performed in a patient wearing denture. Xerostomia is diagnosed when the amount of salivary secretion is 2.00 g/2 min or less. It is unclear whether the measurement period or the operator can cause variations in the measurement value of the Saxon test. Hence, it is necessary to examine these factors that can influence the results of the Saxon test. The oral moisture checking device used in this study is developed from a skin moisture checking device, which is currently in general use. According to the manufacturer, the oral moisture checking device measures moisture of the epithelium in terms of capacitance. The dielectric constant of water is extremely higher than that of other substances; therefore, the percentage of water in a substance can be determined by measuring the dielectric constant of the substance. The oral moisture checking device measures moisture of a substance by calculating the capacitance from the dielectric constant of the substance. The weight of moisture in the protein membrane is used as the standard against which the measured value (%) is compared. By using the dry weight method, the moisture percentage is calculated as follows: B/(A+B) × 100 (%), where A is the weight of the dried protein membrane and B is the weight of water. The indicated value is reliable because the correlation coefficient against the standard sample between the percentage of the dry weight method and the measured value of the oral moisture checking device is 0.98.
The oral moisture checking device measures the moisture of the epithelium to a depth of several tens of micrometers within an area of one square centimeter. In general, an oral mucosal moisture level of more than 30% is normal; 29% to 30%, borderline; 27% to 29%, low level of salivary secretion; 25% to 27%, medium oral dryness; and 25% or less, severe oral dryness. 18 In the present study, the amount of stimulated saliva in OD in the Saxon test was less than 2.00 g/2 min. However, the amount of stimulated Takahashi et saliva in HA also tended to be less than 2.00 g/2 min. This suggested that it would be difficult to evaluate subjective oral dryness by the Saxon test alone.
The oral moisture at the LM in OD was less than 30%. On the other hand, the oral moisture at the BM was more than 30%, which is the normal value. The reason for this difference in the oral moisture levels at the LM and BM is not clear yet; however, it was considered that the structural difference between the LM and BM is responsible for this tendency. There is another possibility that the oral moisture checking device could not detect the difference in the moisture at the BM or that the moisture at the BM was not influenced by oral dryness.
No statistical significance was observed for the correlation coefficient between stimulated saliva and oral mucosal moisture at the BM. This may have resulted due to the almost same level of oral moisture at the BM in OD and HA. Therefore, the BM as the measurement part is not suitable for the determination of subjective oral dryness.
The present study demonstrated that the amount of stimulated saliva became less than 2.00 g/2 min and the moisture at the LM became less than 30.0% in patients with subjective oral dryness. These results suggest that subjective oral dryness can be examined using both the Saxon test and the test using the oral moisture checking device. However, the examination of oral dryness by the Saxon test alone would be difficult. Therefore, for the determination of oral dryness, it is necessary to perform both the Saxon test and the test using the oral moisture checking device.
This study also clarified that stimulated saliva was significantly correlated with the oral mucosal moisture at the LM.
In the future study, the influence of medicines and diseases will be evaluated using the Saxon test and the oral moisture checking device.
